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Abstract | Aquaculture plays an important role in meeting the growing global demand for sustainable protein sources.
However, the intensification of aquaculture systems has increased the risk of disease outbreaks, environmental stress,and
excessive use of antibiotics and chemotherapeutic agents. Natural feed additives are gaining attention in aquaculture as
sustainable alternatives to improve fish health, production efficiency, and sustainable seafood production. Zingiberaceae
family have emerged as promising functional feed additives due to their rich content of bioactive compounds, including
phenolics, flavonoids, terpenoids, and essential oils. Previous reports revealed that Zingiberaceae in vifro and in vivo
studies demonstrating antioxidant, antimicrobial, and immunomodulatory activities with effectiveness in feeding trials
is associated with growth performance, feed utilization, immune responses, and disease resistance, particularly in high-
value species such as grouper (Epinephelus spp.). Additionally, this review critically evaluates the scientific evidence
supporting the application of Zingiberaceae plants in aquaculture, encompassing plant-derived powders, extracts,
and essential oils. Overall, this review highlights the potential of Zingiberaceae plants as natural, safe, and effective
teed additives that can reduce antibiotic dependence, improve food safety, and contribute to sustainable aquaculture
development and long-term seafood security.
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stock (Jennings e al., 2016). Additionally, aquaculture
plays an important role in controlling and scaling
tood production systems by providing an alternative
and sustainable source of seafood. It helps stabilize

INTRODUCTION

Aquaculture has emerged as a critical component
of the global food system and a vital solution for

enhancing food security. Wild fish populations cannot
sustain the world’s growing population in the future.
Therefore, aquaculture offers a significant contribution on
the food security by ensuring a steady and reliable food

fish populations affected by human activities such as
overfishing and coastal development, disease outbreaks
caused by pathogen infections, and seasonal variations
associated with global warming. Furthermore, aquaculture

November 2026 | Volume 14 | Issue 11 | Page 2371

%0 .
Qals Links
OResearchers


https://dx.doi.org/10.17582/journal.aavs/2026/14.11.2371.2388
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
crossmark.crossref.org/dialog/?doi=10.17582/journal.aavs/2026/14.11.2371.2388&domain=pdf&date_stamp=2008-08-14

Advances in Animal and Veterinary Sciences

can reduce pressure on wild fish stocks (Longo ez /.,2019).
Based on Food and Agriculture Organization (FAO) in
2024 report, the global aquaculture production shows
a clear increasing trend. The latest trend from 2020 to
2022, the total aquaculture production increased steadily
from 87.7 to 94.4 million tonnes. This rapid expansion has
been driven by the intensification of farming practices to
meet the growing global demand for seafood. However,
intensification particularly high stocking density, has
introduced significant challenges including environmental
stress, reduced growth performance, disease outbreaks, and
increased mortality (Gundi ez a/., 2025). These challenges
negatively influence the aquaculture productivity.
Therefore, in recent years, the incorporation of functional
feed additives such as probiotics (Madhulika ez a/., 2025),
prebiotics (Marcharla ez a/., 2025), enzymes (Liang e al.,
2022), and amino acids (Salmanca ez a/., 2025) effective to
enhance growth performance, immune system and disease
resistance.

The application of the natural feed additives has gained
attention as a sustainable and eco-friendly alternative to
synthetic growth promoters. Natural additives derived from
plants, herbs, microorganisms, and algae contain bioactive
compounds such as phenolics, flavonoids, alkaloids, and
essential oils that can enhance growth performance, improve
immunity, and increase resistance to pathogens (Hu ez 4/,
2025). Their therapeutic effects help in controlling bacterial,
viral, and parasitic infections, reducing oxidative stress, and
promoting tissue repair by strengthening innate and adaptive
immune systems (Riaz and Sohn, 2023). Researchers have
intensified efforts to explore the potential natural products
such as Zingiberaceae plants as an alternative dietary
supplement that enhance growth performance and the
immune system of cultured fish instead of chemotherapeutic
agents. Zingiberaceae plants, commonly known as the ginger
family, comprises a diverse group of aromatic perennial herbs
predominantly found mainly in tropical and subtropical
region in Southeast Asia. Indonesia, Malaysia, Singapore,
Brunei, Philippines and Papua New Guinea represent the
center of diversity for this family (Sirirugsa, 1997). The
family comprises about more than 50 genera and over 1,300
species which were used traditionally in food, medicine and
cosmetic. These plants have been used in traditional medicine
particularly rhizome part. The rhizome of Zingiber Zerumbet,
Zingiber montanum and Zingiber officinale are typically used
to treat diarrhea, stomachache and flatulence (Sharifi-Rad ez
al., 2017). Beyond their medicinal applications, members of
Zingiberaceae family are also valued for their culinary uses
as spices and herbs, as well as their role in the production
of natural dyes. The leaves of some Zingiberaceae species
are also of culinary importance. For example, the leaves
of Kaempferia galanga and Curcuma longa are commonly

used in spicy savory dishes in Peninsular Malaysia, while

Elettariopsis slahmong has been reported as a traditional
flavoring used by certain local communities (Larsen ez /.,

1999).

In aquaculture research, Zingiberaceae plants have
been widely investigated as feed additives to improve
fish’s growth, immune system and disease resistance
with minimizing adverse effects. The application of
Zingiberaceae plants as feed additives in aquaculture offers
numerous positive effects on fish health and production
performance. Their rich bioactive composition comprising
phenolics, flavonoids, terpenoids, and essential oils provides
strong antioxidant, antimicrobial, and immunostimulatory
properties (Yit and Zainal-Abidin, 2024). Table 1
summarizes bioactive compounds present in Zingiberaceae
plants and their functional properties. However, the efficacy
of these plants can vary depending on factors such as
plant species, plant part, dosage levels, extraction methods
and the species of aquatic organisms. These variation are
related to differences in the composition and concentration
of bioactive compound present in Zingiberaceae plant.
Numerous studies on freshwater fish (e.g., Clarias
gariepinus, Oreochromis niloticus, Cyprinus carpio) and marine
crustaceans (e.g., Litopenaeus vannamei, Penaeus monodon)
have reported generally positive outcomes following dietary
inclusion of Zingiberaceae. Experimental feeding trials have
demonstrated that these additives enhance feed utilization,
stimulate immune responses, and improve resistance against
bacterial and parasitic infections, with effects observed across
a range of plant species and plant-derived components
(e.g., leaves and rhizomes). For instance, Z. officinale
powder at 1% inclusion promoted growth and reduced
the microbial load of the fish (Adegbesan ez a/., 2019), C.
longa leaf powder at 2.5% inclusion resulted better growth
and immunity against Aeromonas hydrophila (Adeshina ez
al.,2017) while C. Jonga rhizome at 1% inclusion improved
the haematological parameter and improved the immune
response by increasing the level of serum (Anene ez al,
2021). Zingiberaceae-derived products, administered as
powders, extracts, or essential oils, have been proposed as
safe and natural alternatives to synthetic antibiotics and
chemical growth promoters. These additives have been
reported to improve growth performance, feed conversion
efficiency, and survival rates in various aquaculture species
(Asimi ez al., 2020). This trend suggests that the efficacy
of Zingiberaceae-derived products may depend on the
bioavailability of their active compounds, with extracts
providing more concentrated bioactive constituents,
whereas powders retain fiber and associated micronutrients
that may contribute to synergistic effects. However, the
practical use of Zingiberaceae a based additives requires
a standard procedure based on variation in plant species,
extraction method, and dosage, which can influence the
efficiency and safety outcomes.
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Table 1: Bioactive phytochemical and their properties found in Zingiberaceae plants.

Plant species Plant part

Identified compound

Properties

A-curcumene (8.38%), geranial (28%), Antibacterial activities inhibiting

growth of pathogen and microbs.
Active against gram positive bacteria.

Antifungal and antibacterial

against gram-positive bacteria.
Antimicrobial via cytotoxicity assay.
Insecticidal against cotton leafworm.

Lavicidal against Ae. albopictus
Lavicidal against Ae. aegypri

Properties

Lavicidal against Ae. albopictus

Lavicidal against Cx.
Quinquefasciatus and Ae. aegypti

Antimicrobial activity against
gram-negative bacteria, gram-posi-
tive bacteria and fungi.

Exhibited strong inhibitory activity
against Gram-positive and Gram-
negative bacteria

Antioxidant activity with IC, =
21.14 pg/ml

Anti-inflamatory significantly reduce

References

Vairappan ez al.
(2012)

Sivasothy e al.
(2011)

Abdullahi ez al.
(2020)

Mahardika ez al.
(2017)

Mahardika ez al.
(2017)

References

Mahardika ez al.
(2017)
Mahardika ez al.
(2017)

Tran ez al. (2024)

Rao ez al. (2010)

Maimulyanti and
Prihadi, (2015)

Cardenas ez a/.

IL-6 and TNF o gene expression (2021)

Zingiber Rhizome (essen-
officinale tial oil) and geraniol (7.37%)
Zingiber Leaf and Rhi- B-caryophyllene (31.7%), camphene
officinale zome (Essential  (14.5%), geranial (14.3%), acetate
oil) (13.7%)
Zingiber Rhizome (Essen- A-zingiberene (18.56%), geranial
officinale tial oil) (13.87%), neral (10.75%), Trans-caryo-
phyllene (9.64%),
Zingiber Rhizome Benzaldehyde dimethyl thiolacetal
officinale (Crude extract)  (11.61%), Zingerone (14.92%)
Zingiber Rhizome 6,7-Dimethoxyquiroxaline (15.49%)
montanum (Crude extract)  and 2,4,5-trichlorophenol (10.32%)
Plant species  Plant part Identified compound
Zingiber Bract 1,1-Ethylenebisdecalin (41.3) and
spectabile (Crude extract)  Beta-sitosterol (14.33%)
Zingiber Rhizome (Crude Humulene expoxide (20.84%),
zerumbet extract) Cis-decahydro Naphtalene (20.84%)
and Zerumbone (60.4%)
Alpinia Rhizome and Eucalyptol (71.23%) in rhizome and
neluboides leaves (Essential Eucalyptol (32.82%) in leaves
oil)
Alpinia Rhizome, roots ~ 5-hydroxymethyl furfural (59.9%),
galanga and leaf (Essen- Benzyl alcohol (57.6%), 1,8 Cineole
tial oil) (15.65%), methylcinnamate (9.4%),
3-phenyl-2-butarone (8.5%) and 1,2
benzenedicarboxylic acid (8.9%)
Etlingera Flower (Crude  Dodecanal (12.10%), 1-Dodecanal
elatior extract) (13.82%) and 17-pentatriacontene
(10.52%)
Curcuma Rhizome B-turmerone (33.45%), A-turmerone
longa (Crude extract)  (21.30%), Ar-turmerone (19.85%) and
16-kauren-19-yl-acetate (18.72%)
Elettaria Seed A-terpinyl acetate (54.46%)

cardamomum (Crude extract)

'This review aims to provide an overview of the applications
of Zingiberaceae plants in aquaculture, focusing on their
roles in enhancing health status, immune responses, and
improving growth performance. It also highlights the
effectiveness of additives depend on the species types,
dosage, extraction method, knowledge gaps, and future
perspectives for integrating Zingiberaceae based additives
into sustainable aquaculture practices. Information of this
review will benefit to the researchers and feed formulator
industry as a guideline for improving aquatic animal health
through natural bioactive sources.

LITERATURE RESEARCH
According to the previous studies, a total of ninety nine
articles (n= 88), published between 1995 to 2026 have

been selected to review in this article from scientific

Strong anti-inflammatory downreg- Cardenas ez al.
ulated inflammatory cytokines (IL-6, (2021)
TNF-0) and reduced nitric oxide

databases including Elsevier, Springer Nature, MDPI,
Wiley Online Library, and Google Scholar with keywords
of “Zingiberaceae feed additives in aquaculture’, ‘bioactive
compound in Zingiberaceae’, and ‘Zingiberaceae plant
immunostimulants’. Review articles were providing the
relevant background information on phytochemistry,
extraction methods, and mechanisms of action. The selected
literature was then categorized into five thematic sections:
Zingiberaceae eflicacy, bioactive compounds, feeding
trials, inclusion levels, and pathogen challenge tests. Future
directions and research recommendations are discussed in
the final section.

THE BENEFITS OF ZINGIBERACEAE-DERIVED

PHYTOCHEMICALS IN AQUACULTURE
Zingiberaceae family plays significant role in aquaculture
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focusing in the fish growth and health. To date, the potential
of Zingiberaceae family specifically on Aframomum
melegueta, Etlingera elatior, and Z. officinale previously
documented.

According to a recent study by Osisienemo ez a/. (2026),
A. melegueta seed and fruit enhanced the fish growth and
immunity. These parts contain Urs-12-en-3-ol, acetate,
(3B) that responsible to inhibition of inflammation signal,
tumor necrosis factor-alpha (TNF-o) and Interleukin-6
(IL-6) by downregulating NF-kB signalling pathway
(Arulnangai ez al., 2025). These cytokines associated with

immune response towards tissue injury and infection.

For fish growth and health associated with nutrient
absorption, E. elatior flower possesses bioactive compounds
like, terpene and zingiberene that suggested plays important
role in digestion and absorption (Lee e a/., 2024). As a
result, African catfish (C. gariepinus) growth and health
improved due to feed utilization specifically on the intake

of amino acids (Ashry ez al., 2023; Lai ez al., 2022).

Majority of the previous studies performed Z. officinale
based on the significant medicinal value of the rhizome part.
Z. officinale rhizome reported contains saponins, tannins,
flavonoids, and polyphenols that enhanced the immune
system of Nile tilapia (O. niloticus) improved, suggesting
these compounds enhanced the immune system of fish
against pathogenic infection (Yaqoob e# a/., 2024; Talpur
et al., 2013). Other factors might be due to the reduction
of total lipids resulting by increasing immunoglobulin M
(IgM) level (Apines-Amar ef al., 2012; Talpur e al., 2013;
Hassanin ez al., 2014; Masoud and Rohani, 2014; Sahan
et al., 2016), and nutrient absorption associated with
healthy digestive tract (Adeoye ez al., 2016; Carvalho ez
al., 2011). Similar study by Rawat ez a/. (2022) revealed
the improvement of rohu (Labeo rohita) hematological
parameters such as red blood cells (RBCs), white blood
cells (WBCs), hemoglobin (Hb), hematocrit (Ht), and
superoxide dismutase (SOD). These parameters might
imporved due to the presence of saponins, gingerols,
shogaols, paradols, and zingerone in Z. officinale rhizome.
Saponins reported with antihyperlipidemic activity
(Talpur ez al., 2013), while gingerols, shogaols, paradols,
and zingerone potentially reduced blood glucose and
scavenging activity (Sahu ez 4/, 2007; Farahi ez al,
2010). Other parts such as leaves and skins performed
on tambaqui and catfish, respectively. Interestingly, the
respective parts affecting the effectiveness of Z. gfficinale
towards specific fish species. A study by Monteiro ez al.
(2021) revealed the essential oil derived from Z. officinale
leaves and rhizome did not significantly improve on the
Colossoma macropomum growth with concentrations of
0.625 and 1.25 g/kg; 1.25 and 5.0 g/kg; 1.25 and 5.0 g/kg

in the diet, respectively. The essential oils content majorly

compounds of geranial (23.2 %), neral (16.7 %), 1.8-cineol
(15.8 %), and camphene (11.3 %). Z. officinale essential oil
did not produce significant improvements in the growth
or survival of tambaqui (Colossoma macropomum) under
the specific experimental conditions tested. Therefore,
turther studies are needed to optimize the concentration
and treatment duration to identify an effective therapeutic
window for managing diseases. In contrast, the treatment
of Z. officinale outer layer (skin) improved catfish (Clarias
batrachus) growth, feed utilisation, immunity, serum
biochemistry and haematological health (Uddin ez a/,
2025). The presence of gingerols, shogaols, paradols and
zingerone compounds in skin might enhanced the insulin
production and immune response via alkaline phosphatase
(ALP) and retinoblastoma protein (RB) activities (Sahu e#
al., 2007; Farahi ez al., 2010; Talpur ez al., 2013; Hwang ez
al., 2013; Van, 2015).

ZINGIBERACEAE ADDITIVES IN FISH DIET

Feeding trials are one of the approaches to evaluate the
growth performance based on weight gain (WG) and
specific growth rate (SGR) while inclusion level refers
to a specific amount of concentration of feed additive
administrated in the diet of cultured aquatic species
(Rahman and Arifuzzaman, 2021). The optimal inclusion
level depending on the plant species and fish physiology.
To date, Zingiberaceae species such as 4. galanga, C. longa,
and Z. officinale have been performed in aquaculture.
Additionally, the formulation also showed promising in

aquafeed.

ALPINIA GALANGA

To date, the treatment of 4. galanga influences the growth,
nutritional, and physiological responses of the Nile tilapia
(O. niloticus). According to Zaki ez al.(2016), concentration
of 5 g/kg was the optimal additive concentration among
the 10, and 20 g/kg diets. At a concentration of 5 g/kg,
fish with an initial weight of 11.31 g showed significant
improvements in final weight gain (19.79 g), growth rate
(174.96%), SGR (1.35% day™"), nutritional values [feed
conversion ratio (FCR) = 1.95 and protein efficiency ratio
(PER) = 1.75], and physiological responses, including
protein (7.83 g/dl), lipid (6.85 g/dl), and haemoglobin
levels (7.85 g/dl). Another study by Chaweepack ez al.
(2015), evaluating the effect of 4. galanga extract on the
growth performance and resistance to Vibrio harveyi and
white spot disease in Pacific white shrimp (L. vannamei).
Although there is no significant difference between shrimp
fed galangal supplemented diets and those in the control
group in terms of growth performance, however, galangal
supplementation significantly enhanced disease resistance.
Shrimp fed diets supplemented with 4. galanga exhibited
a significantly enhanced ability to clear bacteria from the
hemolymph within 3 hours following infection with ¥
harveyi. These benefits improved overall farm profitability
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by reducing the severe economic losses associated with
disease outbreaks in shrimp aquaculture. In addition,
galangal supplementation serve as a low-cost preventive
strategy that reduces mortality, lowers dependence on
synthetic antibiotics, and supports the production of safer,
residue-free aquaculture products. Moreover, 4. galanga
extract enhanced survival rates in shrimp infected with
White Spot Syndrome Virus (WSSV), suggesting potential
antiviral and immunoprotective effects. In addition to
improved survival, nested PCR analysis reported in the
study indicated reduced White Spot Syndrome Virus
(WSSV) detection in treated shrimp, supporting the
antiviral activity. These findings highlight the potential
protective role of galangal as both an antibacterial and
antiviral agent in enhancing disease resistance in shrimp.

CURCUMA LONGA

Best of knowledge, C. Jonga incorporated into the fish diet
with highest inclusive level reported. A study by Adeshina
et al. (2017) fed 3% C. longa to African catfish (C.
gariepinus) resulting WG and SGR with 54.54+4.69g and
the SGR 0.96+0.04% day, respectively. They also found
the improvement on PER (1.36+0.12), FCR (1.26+0.02)
and energy intake (300.40+30.55 Kcal/fish) compared
to the control-PER (0.63+0.13), FCR (2.41+0.16) and
energy intake (256.48+63.43 kcal), respectively. Upon
turther evaluation of the study by Adeshina ez a/. (2017),
no adverse effects on feed palatability or feed intake were
reported at the 3% inclusion level.Instead, fish fed the
3% C. longa diet showed higher feed intake, better feed
conversion ratio, higher survival rate, and improved growth
performance compared to the control group. A study by
Yazdani e al. (2023) found that 10.0 mg/kg improved
the feed ratio of Nile tilapia (O. niloticus) to 1.34+0.08
due to feed utilization. The improvement also noticed
on fish growth performance and immune responses.
This statement aligns with Abdel-Tawwab and Abbass
(2016) as they found that the turmeric concentrations of
1,2, and 5 g/kg on common carp (C. carpio) influences
the growth performance and immune responses. Among
these concentrations, 2 g/kg identified as the most effective
level. At 2 g/kg the growth improved WG (1557.1%),
SGR (4.01% day™), feed utilization (FCR= 1.24, and
PER= 2.86). The inclusion of turmeric powder in common
carp diets contribute to improved growth performance,
possibly through enhanced nutrient utilization and
digestibility, although these mechanisms were not directly
evaluated in the study. The immune parameter such
as nitroblue tetrazolium (NBT) and lysozyme activity
increase with the inclusion level. This might be because
turmeric powder has strong antimicrobial properties and
could inhibit the occurrence of A. hydrophila. There was
no drop in immune parameters at the highest dose of

5.0 g/kg. In fact, fish in the 5.0 g/kg group showed the

highest resistance to Aeromonas hydrophila infection, with
the lowest cumulative mortality (56.7%) compared to the
control group (83.3%). No deleterious effects or reduction
in survival rate were detected at 5.0 g/kg, indicating that
the higher supplementation level remained safe under the
experimental conditions.

ZINGIBER OFFICINALE

A study by Talpur ez al. (2013) revealed the Z. officinale
showed nutritional value into Asian seabass (Lates calcarifer)
diets as they found the treatment at 15 days significantly
improved WG (67.8 £ 1.9% vs. 34.2 £ 1.7%) and SGR (1.9
+ 0.2 vs. 0.9 £ 0.4% day™). These results revealed that Z.
officinale supplementation contains bioactive compounds
with growth-promoting properties. However, the 15-day
feeding period was relatively short for evaluating long-
term growth performance in Asian seabass. Therefore,
the observed improvements may partly reflect short-
term effects on feed intake and digestibility rather than
sustained growth, highlighting the need for longer-term
teeding studies. Interestingly, Z. officinale at 0.8% inclusion
level applied to rohu (L. rohita) fingerlings improved their WG
and SGR with 93.47+1.73 and 3.41+0.14g, respectively,
compared to control (WG= 79.26+1.04g, and SGR=
3.12+0.05g) (Sukumaran e# a/.,2016). In comparison, 0.8%
inclusion level of Z. officinale in koi carp (Cyprinus carpio)
diets enhanced the WG (38.82%) and SGR (0.729%day )
compared to control (0.394% day?). The FCR and PER
values were 2.406 and 1.188, respectively, compared to
control (FCR = 4.793, PER = 0.596) (Lamin ez a/., 2018).
Increasing the inclusion level of Z. officinale to 1.0% showed
the improvement of African catfish (C. gariepinus) to WG
(49.98+2.96 ¢), and SGR (5.58 = 0.08 g), respectively. In
the study by Ashry ez a/. (2023), the growth performance of
striped catfish significantly decreased at the highest tested
dose (1.5% or 15 g/kg). Additionally, the improvement
also noticed to PER with 1.31 + 0.08 % compared to the
control PER (0.91£0.03%). The nutritional advantage
of Z. officinale showed promising on the crustacean’s
growth specifically in white-leg shrimp (Litopenaeus
vannamei) and tiger shrimp (Penaeus monodon). This
statement aligns with Shahraki ez a/. (2021) that treatment
of 1.0 g/kg significantly improved on L. vannamei WG
(476.20+8.17¢) and SGR (1.69+0.05gday™) than the
control (WG= 428.30+16.8%, WG= 1.61+0.31% day™).
'The white leg shrimp also improved on FCR (1.65+0.02)
and PER (2.61+0.3%). Similarly, the tiger shrimp (P
monodon) post-larvae fed Artemia containing Z. officinale
exhibited WG (98.4 + 0.1g), SGR (0.14 +0.01%day)
(Venkatramalingam e a/., 2007). The results also revealed
the feed conversion ratio value significantly decreased from
1.2 £ 0.0 (control diet) to 0.97 + 0.05 (treatment). A study
by Eregena ez al. (2023) found 5 g/kg Z. officinale extract

improved survival rate of Nile tilapia (O. niloticus) juvenile
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to 81.66%, but high concentration 12 g/kg treatment
showed higher mortality (55%). Therefore, the author
recommend 5 g/kg supplementation level was considered
the most effective and safest inclusion level for juvenile
Nile tilapia, as it produced the highest survival rate and
improved hematological parameters, including red and
white blood cell counts.

OTHER ZINGIBERACEAE SPECIES

In addition to the widely studied 4. galanga, C. longa,
and Z. officinale, several other Zingiberaceae species
have demonstrated promising potential as natural feed
additives in aquaculture. A study by Li ez a/. (2023) Alpinia
oxyphylla extract has demonstrated significant growth-
promoting and physiological benefits in juvenile white-
leg shrimp (L. wannamei). Dietary supplementation at
200 mg/kg resulted in optimal performance, markedly
improving WG (117.73%) and SGR (1.39% day™), as
well as enhanced muscle composition and elevated the
antioxidant enzyme activities in serum and liver. Similarly,
dietary inclusion of E. e/atior leaf powder at 2—-3% has been
shown to significantly enhance growth performance in
African catfish (C. gariepinus), as evidenced by increased
WG (1604.3%), SGR (2.2% day™), and improved feed
conversion ratio (FCR) with the value 1.19 (Lee ez al,
2024). Interestingly, in marine species, supplementation
with Etlingera coccinea stem has shown promising results
in hybrid grouper juveniles, a crossbreed of tiger grouper
(Ephinephelus fuscogutatus) and giant grouper (Epinephelus
lanceolatus). Dietary inclusion of 0.5% E. coccinea was
reported to improve growth performance, as indicated by
higher WG (593.7 + 81.8%) and SGR (3.5£0.2% day™)
compared to the control group WG (572.3 + 97.6%) and
SGR (3.4 + 0.3 % day™) within 8 weeks feeding trials
(Abang Zamhari and Yong, 2021). Another previous
study, dietary supplementation with Elettaria cardamomum
demonstarted significant improvements in growth
performance and physiological responses in the Indian
river prawn (Macrobrachium malcolmsonii). The treatment
resulted in enhanced WG (0.77 + 0.07 g), SGR (2.05 =
0.30 % day) alongside a favorable FCR (1.42 + 0.11) and
high survival rate (92%) with 1% E. cardamomum seed
dietary (Bhavan e a/., 2014).

PATHOGENIC CHALLENGES TEST

Fish pathogens such as bacteria, viruses, fungi, and
parasites in aquaculture production affecting food stocks
and facilities. Therefore, outbreak factors and innovative
sensor for first stage detection are highly demanded for
continuous monitoring the aquaculture food security
(Ringgit ez al., 2026). Additionally, natural medicines and
vaccines also have been developed to overcome this problem
(Gjedrem, 2015). The main objective of these approached
to enhance fish immunity as well as reducing the mortality
rate due to the pathogen infection. The fish immunity

will be tested based on the pathogen challenge test. This
test is a controlled experimental procedure on cultured
aquatic species by investigating on their effect of immune
response, disease resistance, and their survival towards
selected pathogenic bacteria with induced concentration.
'The effectiveness of dietary supplements, vaccines, or other
interventions in the presence of antimicrobial agents will
be evaluated based on parameters such as survival rate
after pathogen challenge, cumulative mortality, clinical
signs, bacteria load reduction and immunophysiological
responses. Interestingly, several studies have demonstrated
Zingiberaceae species such as C. longa, Curcuma zedoaria,
Z. officinale,and E. elatior in feed additives can enhance the
disease resistance in aquaculture species.

According to Kumareza/.(2022), the efficacy of turmeric (C.
longa) essential oil as feed additive in catfish (Pangasianodon
hypophthalmus) significantly enhanced survival rates during
co-infection by two bacterial species, Ichthyophthirius
multifiliis and Aeromonas hydrophila at optimal inclusion
10 to 20 ppm. The improvement of the survival rates and
physiological stress in P hypophthalmus were associated
with reduction of the cortisol levels, enhanced antioxidant
enzyme activities (SOD and Catalase, CAT), and the
upregulation of immune-related genes such as interleukin-
1B, complement C3, and IgM. The beneficial effects
might be due to the presence of bioactive compounds in
turmeric essential oil, ar-turmerone and curlone with anti-
stress activity (Orellana-Paucar, 2024). Similarly, Debnath
(2025) demonstrated that dietary supplementation with
C. zedoaria alone improved resistance of L. rohita with
85% survival against the ectoparasite Argulus siamensis,
further reinforcing the role of phytobiotics in enhancing
host defense. Survival rates were higher particularly in
the combined treatment with (0.5% C. zedoaria and 0.5%
C. longa), which achieved the highest survival (92%),
indicating a synergistic interaction between bioactive
compounds. This protective effect was associated not
only with enhanced immune responses and antioxidant
activity but also with improved physiological stability, as
evidenced by reduced stress indicators and lower parasite
burden. Clinical observations supported these findings,
with untreated fish exhibiting typical argulosis pathology,
reduced growth, and increased susceptibility to secondary
infections, while treated fish showed improved condition
and reduced parasite attachment. Extending these
findings, Kusi e a/. (2025) further demonstrated that a
multi-phytobiotic formulation consisting of garlic (A//ium
sativum), ginger (Z. officinale), and turmeric (C. longa)
significantly enhanced disease resistance in O. niloticus
challenged with Streprococcus agalactiae. In line with previous
studies, improved survival and reduced clinical severity
were observed in all supplemented groups, with the highest
survival recorded in the garlic-treated group. This enhanced
protection was attributed to increased bactericidal activity,
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elevated innate immune responses (e.g., lysozyme and
respiratory burst activity), and the antimicrobial effects
of bioactive compounds such as alkaloids, flavonoids, and
tannins. The herbs were evaluated individually, to compare
their relative effectiveness against Streptococcus agalactiae.
'The garlic-treated group showed the highest survival rate
(67.7%), followed by ginger (53.3%) and turmeric (46.7%),
with all treatment groups demonstrating higher survival

than the control group (26.7%).

A similar study by Ghosh ez a/. (2023) reported that ginger
(Z. officinale) has immunomodulatory potential in dietary
supplementation. As result, the ginger extract significantly
enhanced the resistance of tiger shrimp (P monodon) against
White Spot Syndrome Virus (WSSV), due to increasing
SOD activity. These finding is supported by Shahraki ez
al. (2021), who similarly observed enhanced resistance in
white-leg shrimp (L. vannamei) against Photobacterium
damselae, also associated with elevated SOD activity.
Notably, survival analysis revealed that the control group
exhibited 100% mortality within 6 days post-infection,
whereas shrimp fed 0.05% ginger extract showed markedly
improved survival, with only 20% mortality over 14 days
(Ghosh ez al., 2023). The results indicate that the higher
dose of 0.1% ginger extract was significantly less effective
with 65% mortality compared to 0.05%. The enhanced
protection was attributed to bioactive compounds such
as gingerols and shogaols, which strengthen antioxidant
defenses and activate the prophenoloxidase (proPO)
system, thereby enhancing innate immune responses
against viral infection (Mao ez 4/, 2019). In comparison,
Luo ez al. (2024) demonstrated the efficacy of ginger
derived polysaccharides in teleost fish, where dietary
supplementation significantly improved disease resistance
in goldfish (Carassius auratus) challenged with Aeromonas
hydrophila. Ginger supplementation enhanced survival,
with the treated group (0.4% ginger polysaccharides)
achieving 68.42% survival compared to 31.58% in the
control group, indicating more than a twofold increase.
Thus, fish survival is not only associated with antioxidant
and innate immune activation such as increased lysozyme
activity but it also involving the immunoregulatory eftects,
including the downregulation of pro-inflammatory
cytokines (TNF-A,IL-8,IFN-y) and upregulation of anti-
inflammatory mediators (IL-10, TGF-p). Furthermore,
ginger polysaccharides contributed to the stabilization of
gut microbiota by suppressing pathogenic Proteobacteria
and promoting beneficial bacteria such as Cerobacterium
and Firmicutes, thereby enhancing intestinal health and
resistance to infection.

For torch ginger (E. elatior), Lee et al. (2024) reported this
species has protective effect in African catfish (C. gariepinus)
challenged with FEdwardsiella tarda. 'The inclusion of
torch ginger flower powder in the diet significantly
increased antioxidative responses such as SOD, CAT, and

glutathione peroxidase (GPx) levels, which mitigated the
stress of infection and led to a higher cumulative survival
rate compared to the control groups. In addition, the
WBC count was significantly higher in fish fed E. elatior
supplemented diets compared to the control group. The
WBC levels plays a role in strengthening the fish’s immune
defense against bacterial invasion (Esmaeili, 2021). The
elevation of WBC levels contributed to an enhanced
immune response in fish, which was consequently reflected
in their survival performance. A low cumulative survival
rate (3.3%) was observed in the control group, indicating
high susceptibility to Edwardsiella tarda infection with
the clinical observations, abnormal swimming behavior,
pale body coloration, and visible skin lesions. In contrast,
fish fed diets supplemented with 2% and 3% E. elatior
exhibited the highest survival rates (66.7%), demonstrating
a substantial improvement in disease resistance.

In conclusion, Zingiberaceae plants represent a promising,
natural, and sustainable alternative to conventional
chemotherapeutics and antibiotics in aquaculture. Their
multifunctional properties not only enhance disease
resistance but also contribute to improved overall health
and resilience of cultured aquatic organisms. However,
limitation arises from the variability in experimental
conditions across studies, where differences in cultured
species, pathogen types, environmental settings, and
experimental designs hinder direct comparisons and
constrain the generalization of findings.

FisH PHYSIOLOGICAL IMPROVEMENT: DELIVERY,
MECHANISM AND PATHWAYS

Plant-based additives derived from the Zingiberaceae
contain a wide range of bioactive compounds, including
phenolics, flavonoids, terpenoids, and essential oils, which
are responsible for their biological activities in aquaculture
systems. Zingiberaceae additives can be delivered to
aquaculture species through two primary approaches:
direct incorporation into formulated diets or indirect
administration via the enrichment of natural live feeds
such as zooplankton (Figure 1). This method is applied
using organisms like Arfemia, enhances the nutritional
and functional value of live feed by allowing bioactive
compounds to be bioencapsulated and subsequently
transferred to the cultured species. An example of previous
study by Venkatramalingam ez /. (2007) on experimental
teeding strategy in which P monodon postlarvae were
provided with live feed brine shrimp (Arzemia) that had
been enriched with the herbal additive Z. officinale at 400
mg/L for 48 hours prior to feeding, which likely allowed
sufficient uptake and accumulation of the bioactive
compounds. The Arzemia acts as a carrier (bioencapsulation
system), absorbing the ginger extract. When the shrimp
consume the enriched Arzemia, the bioactive compounds
(e.g., gingerols) are transferred into their system.
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Figure 1: Effect of Zingiberaceae-drived bioactive compound additives towards aquaculture species.

The most practical and widely applied method in
aquaculture is the delivery of feed additives through direct
incorporation into formulated diets. In this method,
plant-based additives (e.g., powders, extracts, or essential
oils) are mixed directly into the feed ingredients during
pellet preparation or coated onto finished pellets which
commonly done in farming industry. For example, A.
galanga extract was incorporated into commercial pellet
feeds at specific inclusion levels to formulate experimental
diets, as reported by Chaweepack ez a/. (2015). Similarly,
powder of Z. officinale was directly mixed with the dry
ingredients of a basal diet during feed preparation (Nyadjeu
et al., 2021). However, the factor influencing these delivery
methods depend on the species of aquatic organism, the
type of Zingiberaceae used, and the form of the additives,
which determine the concentration of active compounds.
Differentaquaticspecies exhibitvarying digestive capacities,
metabolic rates, and feeding behaviors, which affect how
efficiently these bioactive compounds are absorbed and
utilized. Moreover, the type of Zingiberaceae plant used,
determines the specific phytochemical profile, which difter
in their biological activity. The form of the additive also
plays a crucial role where the extracted generally provide
higher concentrations of active compounds and faster
physiological responses, while powders may have lower
bioavailability but offer more sustained effects. Therefore,
the efficacy of additives derived from the Zingiberaceae
was evaluated through dose-response feeding trials, in
which varying inclusion levels were incorporated into
experimental diets to determine the optimal dosage for

enhancing fish physiological performance, including
growth, immune response, antioxidant status, and disease
resistance.

INCLUSION LEVEL

Inclusion level refers to a specific amount of concentration
of feed additive administrated in the diet of cultured aquatic
species. The inclusion levels are generally expressed as
grams per kilogram per feed (g/kg), milligram per kilogram
per feed (mg/kg) or as a percentage of the diets (%). For
example, a simple conversion, 10 g/kg feed additive is
equivalent to a 1% dietary inclusion level. Determining the
optimal inclusion level is the key parameter, as excessive
or sub-optimal doses can influence the efhicacy and feed
palatability. Optimal inclusion level can enhance growth
performance, immunity, antioxidant status and disease
resistance (Mashhadizadeh ez a/., 2024). The optimal level
is typically identified through key biological indicators
such as improved feed conversion ratio, weight gain,
protein efliciency ratio, apparent digestibility coeficient,
and digestive enzyme activity. Supporting this, a previous
study by Abdel-Tawwab and Abbass (2016) showed that
dietary turmeric (C. /onga) supplementation in common
carp (C. carpio) at 1.0, 2.0, and 5.0 g/kg improved
growth performance and immune responses, with 2.0 g/
kg identified as the most effective level when increasing
dose to 5.0 g/kg did not resulted significant difference to
growth performance and immune marker. This indicated
that 2.0 g/kg was the most suitable turmeric powder level
for optimal performance. Similar results were obtained by
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Zaki et al. (2016), who evaluated the effect of four different
levels of A. galanga meal (0, 5, 10, and 20 g/kg) as feed
additives for Nile tilapia (O. niloticus). Alpinia galanga
meal supplementation in O. niloticus produced the best
growth, nutritional, and physiological responses at 5 g/kg.
In crustaceans, Z. officinale extract was supplemented into
diets of L. vannamei at inclusion levels of 0, 0.5, 1.0, and
1.5 g/kg. The results indicated that the optimal inclusion
level was 0.5 g/kg, which significantly improved weight
gain and protease activity while reducing FCR, suggesting
enhanced feed utilization efficiency and improved digestive
performance (Tu ez al., 2023). Growth performance is
primary parameter indicator used to evaluate the optimal
inclusion level of Zingiberaceae plants in aquafeeds because
itreflects how eftectively fish or crustaceans utilize nutrients
for biomass gain. Across feeding trials, a consistent pattern
emerges in which low to moderate dietary inclusion
levels improve growth. However, the magnitude of these
effects varies among aquaculture species due to differences
in digestive physiology, feeding habits, and tolerance
to phytogenic compounds. Consequently, the optimal
inclusion level and efficacy of Zingiberaceae additives may
differ between marine and freshwater species, as well as
between fish and crustaceans. The lower optimal inclusion
level observed in shrimp is much lower compared to fish
may be associated with species-specific physiological and
digestive sensitivities. In shrimp, beneficial effects of Z.
officinale were achieved at relatively low supplementation
levels, whereas higher concentrations rapidly reduced
growth performance and digestive efficiency. This response
may be linked to the greater sensitivity of crustacean
digestive physiology to bioactive compounds and anti-
nutritional factors present in ginger. In particular, excessive
supplementation may interfere with nutrient digestion
and absorption, resulting in diminished growth benefits.
Furthermore, shrimp rely heavily on the hepatopancreas
for digestion and metabolism, which may make them
more susceptible to metabolic disturbances caused by high
concentrations of phytogenic additives compared to fish
with more complex gastrointestinal systems.

In aquaculture, feed optimal levels improve physiological
performance, cost effective, and immune system, as well as
reducing the palatability issues that cause by excessive level
of the plant additives (FHossain ez a/.,2024). This highlights
the importance of identifying a balanced, optimal dosage,
as also demonstrated in previous studies. Ude er /.
(2018) reported that dietary ginger supplementation
at varying levels (0, 5, 10, 15 and 20 g/kg) produced a
clear dose dependent effect on growth. Dietary ginger
supplementation enhanced growth up to 10 g/kg, after
which performance declined at 15 -20 g/kg. The result

presented 10 g/kg inclusion level resulted in optimal

performance, with the highest final weight (75.07£2.97
), weight gain (49.98+2.96 ¢), and SGR (5.58+0.08 g).

Higher supplementation levels (15 to 20 g/kg) did not
further improve the growth performance. The decline in
growth performance at higher supplementation levels
be associated with the accumulation of anti-nutritional
compounds, such as tannins, oxalates, phytates, and
saponins, which could interfere with nutrient digestion,
absorption, and normal physiological functions. High
inclusion level can cause palatability issues which lead to
a direct reduction in feed intake. In crustaceans, Ashry ez
al. (2023) have been evaluated that Z. officinale extract at
0.5 g/kg inclusion level was more effective than 1.0 g/kg
in promoting growth of giant tiger shrimp (R monodon).
According to Asimi and Sahu (2013) the excessive
supplementation levels may reduce the efficacy of herbal
additives under certain conditions, although direct
evidence of immunosuppression was not experimentally
demonstrated in the review. Increasing dietary ginger
powder beyond a certain level resulted decrease in survival
under bacterial challenge. This may be explained by the
fact that bioactive compounds in these plants, such as
phenolics, flavonoids, and essential oils, can stimulate
digestion, improve gut health, and enhance metabolism
at appropriate doses, but excessive supplementation may
reduce palatability, alter feed intake, or impose metabolic
costs that offset growth benefits.

The reported optimal levels differ substantially among
studies, ranging from 2 g/kg to 10 g/kg of diet (powder) for
fish while 0.5 g/kg for shrimp, which suggests that inclusion
level cannot be generalized across all Zingiberaceae species
or cultured animals. The optimal inclusion level should be
determined based on the form of Zingiberaceae additives
used such as powders, extracts, or essential oils because each
form contains different concentrations and availability of
active compounds. For example, a low inclusion level of
essential oil may deliver a much higher concentration of
phenolics or terpenoids than a substantially higher level of
crude powder (Stratev e7 a/., 2018). As a result, inclusion
levels reported on a percentage or g/kg basis are not always
directly comparable across studies. This highlights a major
limitation in the current literature where most studies
define the optimal dose only in terms of feed inclusion
rate, without standardizing or quantifying the actual
concentration of bioactive compounds delivered. Future
studies should therefore move toward standardization
based on active compound concentration rather than crude
additive weight alone, which would allow more meaningful
comparisons among plant species, preparation forms, and
experimental conditions. Another important pattern in
the literature is that negative outcomes begin to appear
when inclusion levels exceed the optimal range. In some
cases, high semi-synthetic such as amoxicillin has been
associated with lower survival under pathogen challenge,
suggesting that toxicity effect without improvement on

the fish treatment (Bae ¢z a/., 2025). These findings are
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important because they show that plant extract might
shows low side effect as well as dosage optimization and
cost-effective management. Furthermore, variations in
plant extract additive preparation methods, together with
differences in the concentration and inclusion levels of
bioactive compounds, significantly affect the consistency
of the physiological responses observed.

GROWTH PERFORMANCE

A positive relationship between weight gain (WG)
and specific growth rate (SGR) indicates enhanced
growth efficiency, whereby increases in WG is generally
accompanied by higher SGR reflecting improved growth
performance in aquaculture species (Elliott and Hurley,
1995). Those studies of Z. officinale, C. longa and A.
galanga supplementation in feed diet reported statistically
significant improvement in WG and SGR of aquaculture
species involving fish and crustacean (Ashry ez a/., 2023;
Adbel-Tawwab and Abbas, 2016; Zaki et al, 2016;
Ude ez al., 2018). This improvement is driven by several
interconnected physiological mechanisms that enhance
nutrient utilization efficiency. Nutrient utilization refers to
the efficiency of the aquaculture species digest, absorb and
convert feed into the body and energy for growth (Ali e7
al., 2008). It is important indicator of dietary efficiency
in aquatic species reflecting how effectively consumed
nutrients are converted into biomass. In tiger shrimp post-
larvae, FCR significantly improved from 1.2 in the control
group to 0.97 in the group fed 100% Z. officinale enriched
Artemia (Venkatramlingam ez al., 2007). In this case, the
uneaten feed and faecal waste were collected and accounted
for during feed consumption measurements. A value below
1.0 FCR indicates more efficient feed utilization, where
the shrimp are able to convert feed into biomass more
effectively. Feed intake was estimated gravimetrically by
subtracting the dry weight of uneaten feed from the total
teed supplied, which likely improved the accuracy of the
calculated FCR values. FCR and PER are complementary
indicator of growth performance. Low FCR indicating
that the fish or shrimp convert feed more efhiciently to
muscle growth while higher PER indicate effective use of
protein resulting in increased weight gain. These findings
support the use of Zingiberaceae-derived additives as
natural enhancer of feed utilization in aquaculture.

Improved feed utilization in fish and crustaceans
supplemented with Zingiberaceae-derived additives
may be also closely associated with changes in digestive
physiology. One of the primary mechanisms involves the
stimulation of digestive enzyme activity. This mechanism
is supported by a study (Ashry e a/., 2023) showing that
dietary supplementation with ginger powder significantly
increased the activities of these digestive enzymes, including
amylase, protease and lipase in striped catfish compared
with the control group. The increased enzyme activities

were not merely due to greater feed passage through the
intestine, but were more likely associated with enhanced
digestive capacity induced by ginger supplementation. The
enzyme activities were standardized relative to protein
concentration in the intestinal samples to minimize the
influence of gut content volume. The enhanced enzymatic
activity promotes more efficient breakdown of dietary
proteins, carbohydrates, and lipids into absorbable
molecules, thereby improving nutrient digestibility and
ultimately contributing to lower FCR and higher PER
values. An addition to enzymatic activity, phytogenic feed
additives may influence the structural development of the
gastrointestinal tract (Adbelli ez /., 2021). Several studies
have reported that herbal supplementation can improve
intestinal morphology, which plays an important role
in enhancing nutrient digestion and absorption in fish.
Structural modifications of the intestine, such as increased
villi height, mucosal thickness, and absorptive surface area,
can significantly improve the efficiency of nutrient uptake
(Butt and Wolkoft, 2019; Wei ez a/.,2025). Supporting this
mechanism, another study by Chung ez a/. (2021) using
essential oil evaluating the intestine morphology of Nile
tilapia (O. niloticus) fed diets supplemented with essential
oil of Z. officinale particularly at 0.5 mL kg' diet reported
significant increases in intestinal villi size compared with
the control group. These morphological changes indicate
an improvement in intestinal functionality. For instance,
the increased thickness of the intestinal wall and muscular
layers enhances the motility of the digestive tract, which
supports essential intestinal processes such as nutrient
digestion, moisture re-absorption, and waste elimination
(Fang ez al,, 2015). Such structural improvements in
the digestive tract may contribute to enhanced nutrient
absorption efficiency. Similar improvements in apparent
digestibility coefficients (ADC) have been reported in
diets supplemented with Zingiberaceae herbs such as C.
longa and E. coccinea (Abang Zambhari and Yong, 2021).
Improved intestinal morphology, particularly increased
absorptive surface area, contributes to higher ADC, as more
nutrients (proteins, lipids, and carbohydrates) are efficiently
digested and absorbed rather than excreted. Enhanced gut
morphology allows for greater contact between digested
nutrients and the intestinal epithelium, leading to more
efficient nutrient absorption and assimilation (Yang es
al., 2025). Consequently, improvements in intestinal
morphology have also been suggested for Zingiberaceae-
derived feed additives, where the bioactive compounds
present in plants may stimulate intestinal development
and enhance nutrient absorption in aquaculture species.

IMMUNE RESPONSE

In aquaculture nutrition research, immune response refers
to a range of biochemical, cellular, and molecular indicators
used to evaluate the immune status of aquatic organisms
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following dietary supplementation or pathogen exposure
(Moktar ez al., 2023). Similar to other vertebrates, the
immune system of fish consists of two main components:
the innate (non-specific) immune system and the
adaptive (specific) immune system. The innate immune
system serves as the first line of defense against invading
pathogens and provides rapid but non-specific protection,
whereas the adaptive immune system generates targeted
responses through immune memory (Riera Romo ez a/,
2016; Chaplin, 2010). Innate immune markers include
lysozyme activity, respiratory burst activity of leukocytes,
leukocyte counts, antioxidant enzymes, and cytokine
expression. These parameters reflect the ability of immune
cells to recognize and eliminate pathogens. In contrast,
adaptive immune responses in fish are commonly evaluated
through humoral parameters such as immunoglobulin
levels and lymphocyte activity, which reflect the capacity
to develop specific immune responses against pathogens
(Magnadottir, 2010). Unlike shrimp, which rely primarily
on innate immunity, fish possess both innate and adaptive
immune systems. However, the adaptive immune system of
fish is less complex than that of mammals, characterized by
limited immunoglobulin diversity, absence of lymph nodes,
weaker immunological memory, and slower development
of specific immune responses (Magnadottir, 2010).

Existing literature provides strong evidence that plants
belonging to the Zingiberaceae family possess significant
immunostimulatory properties when incorporated into
aquafeeds. Among these plants, ginger (Z. officinale) has
been the most extensively studied. Dietary supplementation
with ginger has consistently been reported to improve
hematological and immune responses in several aquaculture
species, particularly freshwater fish. For instance, studies
on treated groups of African catfish (C. gariepinus) have
demonstrated that dietary ginger supplementation improves
hematological parameters such as red blood cell count,
hemoglobin concentration, and hematocrit values (Ude ez
al., 2018). These parameters are widely used as indicators
of physiological health and oxygen transport capacity.
Adequate oxygen supply is essential for maintaining
metabolic processes, including immune cell activity and
tissue repair, suggesting that improved hematological
profiles may indirectly support immune competence (Faizo,
2019). Comparable findings have been reported in rainbow
trout (Oncorbynchus mykiss), where ginger supplementation
enhanced hematological parameters associated with
improved physiological condition and stress tolerance
(Haghighi and Rohani, 2013).The consistent enhancement
of these parameters across different species suggests that
Zingiberaceae supplementation contributes to improved
systemic health, which may strengthen the organism’s
capacity to resist disease.

Several studies have demonstrated that Zingiberaceae

supplementation directly stimulates innate immune
responses. For example, increased respiratory burst
activity in leukocytes has been observed in fish fed diets
supplemented with ginger (Talpur ez a/.,2013). Respiratory
burst activity represents the ability of immune cells to
generate reactive oxygen species (ROS) that are used to
destroy invading pathogens. In this way, respiratory burst
activity enhances the organism’s innate immune defense
by promoting effective pathogen destruction during
infection. Similarly, elevated lysozyme activity has been
reported following ginger supplementation on common
carp (C. carpio). At 0.2% and 0.4% inclusion levels,
elevated lysozyme, immunoglobulins (IgM), superoxide
dismutase (SOD), and catalase (CAT) activities indicate
enhanced immune and antioxidant response in koi carp
(C. carpio) (Mohammadi e al., 2020). Lysozyme is an
important antimicrobial enzyme present in fish serum and
mucus that breaks down bacterial cell walls by hydrolyzing
peptidoglycan components (Magnadéttir, 2006). Other
findings also observed in dietary supplementation of ginger,
Z. officinale significantly enhanced lysozyme activity and
total immunoglobulin in skin mucus of rohu (L. robita)
(Sukumaran ez 4/, 2016). The enhanced in activity of
lysozyme activity therefore reflects to an improved humoral
defense mechanisms against bacterial infections. Together,
these findings indicate that dietary Zingiberaceae additives
might stimulate both cellular and humoral components of
innate immunity, thereby strengthening the organism’s
primary defense against pathogens. Similar study by
Wen er al. (2014) tryptophan in grass carp revealed the
possible lysozyme pathways through activation of immune
signaling pathways such as the NF-kB signaling pathway,
which stimulates the production of antimicrobial enzymes
and immune-related proteins. As a result, fish are better
equipped to recognize and eliminate invading pathogens.
Therefore, the increase in lysozyme activity following
Zingiberaceae supplementation clearly demonstrates
its role in strengthening the innate immune system and
improving disease resistance in aquaculture species.

ANTIOXIDANT STATUS AND DISEASE RESISTANCE

Antioxidant improvement is physiologically important
because it reflects a stronger capacity of the animal to
neutralize reactive oxygen species (ROS) generated during
normal metabolism, environmental stress, and pathogen
challenge. In aquaculture species, excessive ROS can
damage lipids, proteins, and cellular membranes, leading
to oxidative stress, impaired tissue function, weakened
immunity, and reduced survival (Ma ez al, 2025).
Therefore, the enhancement of antioxidant enzymes by
Zingiberaceae additives is not only a biochemical response
but also an indication of improved physiological resilience.
In this context, Zingiberaceae plants contain bioactive
compounds that enhance the antioxidant defense system
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of aquatic animals and stimulate the antioxidant enzymes.
Enzymes such as SOD, CAT, and GPx are the major
antioxidant enzyme, which work together in maintaining
immune function and cellular protection (Wen ez al,
2014). Specifically, SOD catalyzes the conversion of
superoxide radicals into hydrogen peroxide, while CAT
and GPx further detoxify hydrogen peroxide into water
and oxygen, thereby preventing the accumulation of
harmful oxidants (Aydemir and Ulusu, 2026). Through
this mechanisms, improved antioxidant capacity is closely
linked to enhanced immune performance, as it protects
immune cells during respiratory burst activity, where ROS
are produced to eliminate pathogens.

Evidence from crustacean study support the antioxidant
benefits of Zingiberaceae supplementation. In whiteleg
shrimp (L. wannamei), dietary supplementation with
ginger extract has been shown to enhance the activity
of immune related antioxidant enzymes, including
phenoloxidase (PO), SOD, CAT, and glutathione
peroxidase (GPx). The strongest antioxidant responses
were observed at an inclusion level of 1.0 g/kg, as indicated
by significantly increased activities of PO (38.45 + 1.62 U
mg! protein), GPx (262.47 + 3.15 U mg™ protein), and
CAT (4.14 + 0.17 U mg protein) (Shahraki ez /., 2021).
The observed increase in PO, GPx, and CAT activities at
the optimal inclusion level is physiologically significant
because it suggests that ginger extract strengthened the
shrimp’s antioxidant defense system, thereby improving its
ability to cope with oxidative stress induced by pathogen
exposure and other culture-related stressors. This explains
why improved antioxidant status is often associated with
stronger disease resistance and higher survival in feeding
trials using Zingiberaceae-based additives.

Several studies have demonstrated the potential of
Zingiberaceae-based feed additives in enhancing disease
resistance across a wide range of aquaculture species.
In crustaceans, dietary inclusion of Z. officinale extract
in whiteleg shrimp (L. vannamei) improved resistance
against Photobacterium damselae infection (Shahraki e al.,
2021). In this study, shrimp were immersed in aquarium
water inoculated with P damselae with the bacterial
concentration used for the challenged test was adjusted
to LD, for a duration of 4 hours, followed by a 10-day
challenge test. The cumulative mortality rate (40+8.5%)
was significantly lower in shrimp fed with 1 g/kg ginger
extract compared to the control group (75.2+6.5%).
Similarly, another study reported that 4. galanga extract
subsequently challenged with Vibrio harveyi showed
a reduced bacterial load in the hemolymph (<50 CFU/
mL) and higher survival rate (72+8.4%) compared to
the control group (70+8.0%) (Chaweepack ez al, 2015).
This protective effect of Zingiberaceae is also evident in
finfish species. In marine aquaculture studies by Anjur and

Sabram (2021) demonstrated the therapeutic potential of
Z. officinale crude extract in tiger grouper (E. fuscoguttatus)
challenged with 4. Aydrophila. Fish were intraperitoneally
injected with the pathogen at 10° CFU mL™" (0.1 mL
per fish) and subsequently showed typical clinical signs
of infection, including skin discoloration, exophthalmia,
and fin rot. However, after seven days of treatment, fish
fed with ginger crude extract (0.4-2.0 g/L) showed
marked recovery with no observable external lesions or
abnormalities, while control fish continued to exhibit poor
swimming performance and reduced appetite. The highest
survival rate (89%) was recorded in the 0.8 g/L treatment
group while the lowest survival (44%) in the control
group, indicating the effectiveness of ginger extract in
enhancing disease resistance and recovery. A similar trend
has been observed in freshwater species. For example,
A. galanga rhizome extract demonstrated its therapeutic
efficacy in sangkuriang catfish (C. gariepinus) infected
with A. hydrophila (Andriani ez al., 2024). The infected fish
exhibited clinical signs such as ulceration, hemorrhage, fin
damage, and abdominal distension (dropsy). Treatment
with galangal extract significantly improved survival
outcomes over a 14-day period, with the highest survival
rate recorded in the 500 mg/L group (90%) compared
to the untreated group (36.67%). The findings indicated
that 4. galanga extract, at 500 mg/L, was effective in
enhancing disease resistance and promoting recovery in
infected catfish. These findings indicate that the enhanced
antioxidant status induced by Zingiberaceae not only
improves physiological resilience against oxidative stress
but also contributes directly to increased disease resistance
and survival in aquaculture species as summarized in
Figure 1. Therefore, these findings demonstrate that
Zingiberaceae-derived additives contribute not only
to biochemical antioxidant enhancement but also to
meaningful physiological outcomes, including reduced
mortality, improved immune competence, and enhanced
recovery from pathogenic stress.

RESEARCH LIMITATIONS AND PERSPECTIVE

'The limitations are focused on the identification of the
Zingiberaceae plants capable of improving fish growth
and immunity through additional ingredients in fish feed.
'The identification of potential plants is mainly based on
previous reports and traditional applications. Most reports
focus on the antioxidant bioactivity and synergistic effects
of Zingiberaceae plants, but there is limited information on
their biological effects. To date, investigations continue on
growth performance, feed utilization, immune responses,
and disease resistance as summarized in this review article.
In this context, no identity test limitation based on the
number of reported plant species, identified compound
species, practical issues in fish additives, and mechanism
dynamics.
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ZINGIBERACEAE APPLICATION

'The major limitation of this study is the application of
Zingiberaceae itself. Previous studies mainly claimed
that the plant used in traditional practices, but scientific
validation is still limited. Although species through
scientific validation, the data provided at vitro assessment or
mimic human trials. In fish dietary studies, Zingiberaceae
plants such as Alpinia galanga, Curcuma longa, Zingiber
officinale, Alpinia oxyphylla, and Etlingera elatior have
been performed to specific fish species (Adeshina ez a/.,
2017; Talpar ez al., 2013; Li et al., 2023). Based on these
studies, several important questions remain: (a) What is
the dietary effect of saltwater and freshwater fish, as they
are live in different environments? (b) Does one species
show similar dietary effects on one specific species? If the
answers are mutual, the secondary limitation focusing on
the compound species with significant bioactivity needs to
be further discussed in the next section.

PRODUCT METABOLITES

Plant contains secondary metabolites in their defense
system against parasites, diseases, and predators. Most of
the researchers believe that the secondary metabolites with
significant bioactivity potentially express a similar effect
to animal trials as evaluated through protein-compound
interaction using in vitro and in silico studies. The main
factor is due to the specific compound structure built
up with specific compound class and bonds. Specific
compound structures influence their bioactivity. In
pharmacological study, the modification of the compound
structure changes their physical and chemical properties.
Example, the structure can be changes to be more soluble
for penetrating stomach and blood vessel through structure
protonation. On the other hand, fish has different delivery
system as they live in water with unique organ adaptation
to extract dissolved oxygen from water, gills. Although no
comprehensive report previously, the effect of compound
within this system might different as low oxygen required
in fish system. Therefore, the identification and interaction
of specific compound species in Zingiberaceae plants are
the first step in fish dietary study.

MECHANISM DYNAMICS

To date, fish possess hundreds of different hormones, while
IGF-1 is one of the hormones that has been proven to
significantly influence fish growth. Fish physiological and
biochemical dynamics are influenced by the type of pellet
and the added extract that are produced and obtained,
respectively. The optimal formulation requires a balance
between pellet and extract to avoid toxicity and spoilage.
Toxic pellets may cause negative physiological effects in
fish, such as reduced body weight, abnormal swimming
behaviour, or death. Meanwhile, biochemical changes in
fish may express more inflammatory biomarkers such as

AST (Aspartate Aminotransferase), indicating that the
fish system is disrupted or degraded. Additionally, the
effectiveness of pellets and extracts should be aligned
with high-quality dietary systems depending on the
“compatibility” of the extract structure to interact with
proteins in the fish system, thereby triggering insulin-like
growth factor (IGF-1). In conclusion, more studies are
needed focusing on plant extracts, especially Zingiberaceae
plants, and their effects on fish hormones.

CONCLUSION AND
RECOMMENDATIONS

This review consolidates current scientific evidence
supporting the potential of Zingiberaceae plants as natural
teed additives in aquaculture, emphasizing their functional
roles in enhancing fish health, growth performance,
and disease resistance. Collectively, studies reviewed
demonstrate that plant-derived materials from the
Zingiberaceae family, possess a wide range of bioactivities
validated through in wifro assays, notably antioxidant,
antimicrobial,and immunomodulatory properties. Feeding
trials across various cultured species, consistently indicate
improvementsin growth efficiency,feed utilization,immune
responses, and physiological resilience when Zingiberaceae
based additives are incorporated at appropriate inclusion
levels. Moreover, pathogen challenge tests further confirm
their effectiveness in enhancing resistance against bacterial
infections commonly encountered in aquaculture, thereby
reducing reliance on synthetic chemotherapeutics.
Overall, the scientific validation presented in this review
highlights Zingiberaceae plants as promising, natural,
and safe alternatives to conventional feed additives. Their
integration into aquafeeds offers a practical strategy
to improve animal health, strengthen food safety, and
support environmentally sustainable aquaculture practices,
contributing directly to long-term seafood security.

However, several research gaps remain that must
be addressed to facilitate the broader application of
Zingiberaceae plants in aquaculture. Rather than broadly
concluding that Zingiberaceae plants are -effective,
review emphasize that certain species and specific
preparations have demonstrated promising effects under
particular aquaculture conditions. Future studies should
prioritize standardized processing methods for plant-
derived materials to ensure consistency in bioactive
compound composition and efficacy. Variability in
extraction techniques, plant parts used, and phytochemical
concentrations currently limits direct comparison across
studies and application. Furthermore, sensory evaluation
of fish flesh is essential to support consumer acceptance
and regulatory approval and finally, cost benefit analyses
on farm validation studies are recommended to assess
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the economic feasibility of large-scale application in
commercial aquaculture. Addressing these aspects will
accelerate the Zingiberaceae-based feed additives from
experimental research to practical implementation,
reinforcing sustainable aquaculture development and
ensuring safe, high-quality seafood.
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